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ABSTRACT

The sodium-hydrogen-oxygen system has been investigated
in continuation of the study of impurities in liquid metals.

Sodium metal reacts with sodium hydroxide at temperatures
above 300 0C to form sodium monoxide and sodium hydride. If
;he reaction is initiated in vacuo, hydrogen will be liberated
io the extent of the dissociation pressure of sodium hydride
at temperatures below 38S°C. If this hydrogen is not removed
.rom the reaction zone, and if the temperature is raised be-
yond 385 0C, an equilibrium is estab(ished which does not fol low
the dissociation pressure diagram for sodium hydride. This
new equilibrium appears to be related to the solubility of the
reaction products in sodium metal and in sodium hydroxide. -he
"keystone" of the equilibrium appears to be the fusion tempera-
ture of the melt which, in turn, is determined principally by
the ratio of sodium monoxide to sodium hydroxide.

Data are presented showing that the dissociation of
scdum hydride is suppressed by an inert gas blanket. IT is
indicated that sodLum hydride must vaporize or sublime before
it will dissociate. It is further shown that sodium hydride
in solution is quite stable, even in vacuo at temperatures
well above those at which the hydride should be dissociated.

* Data for the potassium-hydrogen-oxygen system are entirely
different from that reported for the corresponding sodium
system. The difference could well be related to a higher
solubility of the reaction products in the reactants.

PROBLEM STATUS

This is e preliminary report on this subject and work
will be continued in connection with the study of solubiii&y
of impurities in liquid metals.

AUTHOR I ZATION

N9L ProbleI,, No. C 11-02
NR 411-020



INTRODUCTION

Resuits which have been collected in connection with the
study of impuiifies in alkali metals are presented along with
aftempts to explain the physical states contributing to these
daa . lhe data are not yet available to establish the phy-
sical states with exactness the results are considered to be
of sufficient value to those working in this field to repo:
the informa"Sion acquired. The application of the phase r .
to explain 'he results required that somewhat dubious assump-
tions be made concerning the phases and components which are
under ques'ion.

In continuation of the study of the effect of impurities
in sodium metal (I and 2), the sodium-hydrogen-oxygen system
has been examined. The compounds resulting from combina.tions
of these elements would include sodium monoxide, sodium hydrox-
ide, sodium hydride, water, hydrogen, sodium metal and oxygen.
The water and oxygen would, of course be of a transient nature
in any mixfure involving sodium metal, but might, under certain
conditions, exist for a sufficient length of time to be ident-
ifiable. The peroxide and superoxide of sodium were not con-
sidered since they crc readily reduced to the monoxide by ,he
action of metallic sodium.

Pepko-i-tz and Judd (3] and Pepkowitz and Proud (4) report
the reduction oF sodium hydroxide by sodium metal according
to equation (A)

NaCH + Na -- NaoO + 1/2 Ha. (A)
ca 400 0 C

The rneihod reporied in (4) does nd allow for the rever-
sibil!'y of fhis react'2on and the assumption of its validity
in (3) ,o.., no- allow for the stability of sodium hydride in
solution -,'.61. The reaction could, therefore, proceed according
to equat'ion 13)

NC,. + 2Na Nas.O + NaH (B)

aquation (C)

NaH + NZ -:- i/2 HS. C

nLoh" t1hen resuit in whole or in part depending upon the solu-
bilLy of socum hydride in the reaction med.um, and upon
.., 4,"hzr -:-,-condic"Jons of the experimen a lI owed for the escape
o 1' j 1 ,vod hyd:oocn. Halla and Tompa (5) report the valid-
i7y of equ.;ion (B) for the reaction of me-'al lic sodium wilh
fused sodium hy!droxide. Gilbert (6) reports two methods for
PrzperinG a solution of sodium hydride in fused sodium hydroxide.
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2:oih of his methods invoIve the passing of hydrogen through
fused caustic containing, in one case, sodium metal, and in
the other, sodium monoxide. It seems likely, therefore, that
some equilibrium exists whereby it is possible to have sodium,
sodium hydroxide, sodium monoxide, sodium hydride and hydrogen
co-existing in a reaction vessel.

A complete investigation of this system is hampered by
nearly insurmountable analytical problems. It was found that
the equilibrium shifts quite rapidly; hence, any attempt to
"nreeze" the reaction at some high temperature level is de-
leated from the start. Further, any attempt to separate any
one of the reactants for individual analysis results in equili-
bria shifts of such moment as to defeat the purpose of the
separation. However, substantial evidence as to possible re-
actions a: r equilibria is afforded by the pressure of
cvolved hyc:ogen in a calibrated volume, subsequent analysis
of total reaction products and control of original weights of
reactants.

Azoaratius and Me -hod

The apparatus (Figure I) consisted of a metal "pot"
equf.pped Wilh a metal ball-joint. This was connected, through
a complementary glass socket joint and a stopcock to a pyrex
system consisting of a calibrated flask and a differential
--ianome 'er. An outlet for connection to a high vacuum, inert
,-as manIfold was also provided. The heat source was a helical
coil nichrome heater furnace controlled by a variable trans-
Tormer. Temperature readings were made with c chromel-alumel
• -ermocouple and both a Hoskins pyrometer and a Brown record ing
.ctlenTiometer. The accuracy of the temperature readings is
-50C throuGh 500'C and decreases to .10C at 700 0 C. Pressures
e,'re read to the nearest millimeter and all readings were con-
v.?rted to S7P conditions.

The sodium hydroxide used was c.p. fnaler".! with individ-
I analyses falling within the following ranges:

NaOH ----------- 95-97/Na1CO3 - - - - - -  I-2c2-3, 1
H~----------2 /O'

-,atc w,:s r-.,dily removed by heating the hydroxide to its
usion C.nt under vacuum. in some ceses the water was removed
iy addin. me -allic sodium af 125 0 C and pumping away the evolved

hdrogen. T.ne materia I co., ld be thus dried ef a muchI lower
.7. pcra!u:-e .han by heat and xcuum clone. The carbonaft :ont,-.-"

,. the ,-,droxde was ignored in considering the equilibrium re-
dciions since, in all runs reported herein, the carbonate was

2



apparentv unaffected and was recovered as such in the're-
actionl prodlucts. Recoveries were, in all cases, exactly whzI
,Vas added in the original charge. Any effect of carbonalie as
,~catalst or a carrier for some of the reactions reported is

beyond the scope of this report.

Metallic sodium for the experiment.s was cut from duPont
air cast brick, melted, filtered and stored in pyrex flasks.
Knowvn volumes were introduced into the apparatus by pipetting
under an inert gas blanket, usually nitrogen.

The sodium hydride used was obtained from duPon' and
analysed 98" NaH, the remainder being metallic sodiu.. and sodium
hydroxide.

The sodiJum monoxide was made by reacting sodium hydroxide
with metalich sodium in a high vacuum and subsequent 'iy remov-
Ing the excess sodium metal by distillation. The maier~al
analysed 98.8% Nag.O, l.l+%I Na&CO 3 with spectrographic traces
of Cr and Fe.

hemetal 1:poi-17 or. the apparatus was made orig n a I Ils o f
type 304 sta6inless steel and later of recast commercial grade
rsicke i having the folI lowing analIysi s

CO 0.20
e 0.63

Mg 0.2 i
M n 0.1!1
Cu 0.05
Si 0.015
Cr trace
C 0.012

The change to nickel was made following the df-scovery
of ajitack on the stainless steel at temperatures above 60QOCO
Ther wajs no evidence of attack below this teprtue ickel
was5 unaffecved i-o c temperature of 700 0C. As will be sho--in,
the attack on sta-:,inless steel does not affect the experiment s
hzrein repo,.-ted. Dup licaile runs in svsain less and nickel are
identsicalI CFoi-. Ierperatures up to 600'C.

.Zuns viere rm..de using two diffccent calibrated volumes,
0--C approximavely t-wice as large as tj'he other. Daia from both

S:u;Is p ovd tha' fhz camount of' lde,-d space*' in the Sys.,em14
haa no etrFcctj or, the reactlion except as to the quantity of
rzzc'S.2-s- nece:ssary to produce a given pressure in the different
vo I ume S.

The method of operation was essentially the same for all
r u S. The :eacfani-s a. ee introduced into -the dpparaftL-, the

3
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system was evacuated and heat applied. Temperature-pressure
rzlationships were obtained for the temperature range desired
or until no further reactions occurred -- indicated by a ces-
sation of hydrogen evolution or absorption. The apparatus was
then cooled and the "pot" cut open if analysis of 'he total
reaction products was desired. (In some cases, reaction pro-
ducts were recovered following removal of excess sodium metal
by vacuum distillation.)

Figure 2 is a plot of data obtained to show the effect of
sodium hydroxide on the container materials used in the experi-
ments. As may be seen, stainless steel - type 304 is not
attacked at itemperatures below 6001C and nickel not below 700 0 C.
(Care was taken during welding operations to prevent oxidation
on the interior of the pot, a condition which would have led
to a certain amount of attack from the reductions of the oxides.)
:igure 2 also coniains a plot of the stainless steel "pot'
with H, added to 425 mm pressure, heated through the same temp-
erature range. As shown, little or no hydrogen is absorbed
by the vesse! at# these temperatures. The slight absorption at
the higher temperature is accountable for by reduction of
surface oxides.

Re suIts

Ij- was defermined htf sodium did react with sodium hy-
droxide yielding sodium monoxide and hydrogen. The reaction
would go to completion, however, only if the hydrogen was
rcmoved from -he reaction zone.

Figure 3 shows the type of curve obtained by heating
sodium hydroxide and sodium metal through the stated tempera-
iure range wihout removing hydrogen. The curve is typical of
that obtained for el lproporfions of metal and hydroxide

uded wherein hydroxide in an amount sufficient to provide
ca 200 mm hydrogen pressure was present. The general shape of
fihe curve is the same for hydroxide in less than this amount,
but the fbrckavayn from the firs. part of the curve occurs
a' a lower emperzrure and the peak pressure obtained at 425 0 C is
lo.er. F iure 4 siowvs the emounts of sodium hydroxide required,
;idh an excess o- sodium, to obfain various peak pressures.
The rise in pressure above 600 0 C is seen from Figure 2 to result

-om attach on -he sfcinless steel "po. and, possibly, further
cirecl- releas5z of hydrogen from the hydride.

t shou' bZ her-- cnphasized th.t the "doe-shaped'
p -:'cau nd :-he rc absoi-ption dip in Figure 3 occu red at the
s.-, p:essures .-d ieemperaure even wh::n t-,re ur sufficient
rZcc Ints presen'i 4o give pressures much hi9,er -.non the peak
sho..'. In no case involving the reac;-ion of sodium with sodium
..,'Jroxide I;... , pressu;e Greater than 195 mm obtained. A
rrf of /4 hrou-h 8/I sodium/sodium hydroxide ra-ios were

4
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examined with identi calI temperature -pressure relaip
resu I iing.

Examination reve zlIs that the f irst portion of the cur ve
(up to 3851C) is in ex c, : entS agiren t with the dis socia tion
Pres sure of sodium hydrice a s reportfed by Keyes ( 7) and by
H-e r oId (8 ). (Their work was repeated by the author as a check
on his method and apparatus. Figure 5 contains this coimara-
five dat a.) The pressures obtained at these temperatures
(up to 385'C) seem to be true equilibrium points in that, if
conditions ~.eshifted by removal of ',he hydrogen, the same
pressure will be obtained repeatedly until all sodium hydroxide i
has been converted to sodium monoxide. However, at higher
temperatures (a-i and above the temperature of peak pressure,
425 0C), the pressure readjustment i:; dependent. upon fhe cquanti-
ty of reactants remaining in the pot. For example, a run
begun with 9 grams of sodium hydroxide (sufficient to give a
hyd rogen prcssure of 900 mm) and heat'ed to 4251C returned to
180-190 mm three tlimes following hydrogen removal, then,
successively, to 169mm, 112mm, 52mm, ond 26mm. This lowering
^f equilibrium- pressure following successive evacuations was
i yp ica I o f a ' I r ur, s at temperatures -above 385'C. This effect
dIll late r be s how n to be a Ilied 'to stability of the hydride

_n solution .-s well 2s the manner in which it is dispersed in
ze m eIt . Figure 4 shows fhe peak equilibrium pressure ob-
ined at ca 425 0 C p lo-ated against th-rga uniy of

sodium hydroxiJde. This figure also shows that the size of the
"dead spaczl, has no eiffectl upon the pcak pressure obtained.
A similar plo-t of sodiJum metal against pressure shows no cor-

*relation whatsoever.

* A peak press-u;e of cc 190mm Is alIways obtained on heating.
Howaever, i-f i9he run be coni*-inued so as to obtiain the Mi nimum
presso.re snoa-n at about 550 0 C, then cooled, the cooling curve
Pressure returns linearly unfi I a iemnperature of ca 385 0 C is
reached and i-hen tends to fallI a long the heating curve. (Figure
6). Ii would fol low then thzi the "'hump" is but a quasi-
coiIlibriurn resu i Ying f rom two or more competing reactsions.

Li -wi e Iltr bec s ho wn t6o b e r ue .

An in-e.--'tn9 plhenomena was discovered in a series of
r ur. s mcade und er va rious pressures o-F inert gases. It was hoped

-1 - d is 1i1 L o r. of th mct allc s odiu m a irihec h ig hear t em pe r -
es ou *c z rcduccd b6 th us c o-i an fnerf gas blznket.

T i s -, hou c; n o, i" .,Is thought 'afect6 -he par 'tal pressure of
av dr o gen evo Ivcd fo m 'I h r e a c-.Io n Figure 7 shows the results

~to fur mL d une/760,rm and 380mm of nitrogen. The evolu-
1!0r1 of Ydrogce)n__ seen fo have been nearlyi completely suppressed
except at 2)emperzatures abaove 600 0C. Hydrogen evoluliion atl this

5



tzmperature apparently resulted from attack on the stainless

steel vessel rather than hydride dissocialion. The same experi-

ment was repeated using sodium hydride alone with very simii.
results (Figure 7). A further sodium hydride run was made
under conditions whereby the sample was heated to 4101C under
7c40rnm of nitrogen, then successive portions - -he inert gas
renmoved and partial pressures of hydrogen ano nitrogen observed.
The data from this run are shown in Figure 8. As may be seen,
.i[- dissociation pressure of sodium hydride is evidently a
:unction of toal system pressure rather than one of hydrogen
pertial pressure alone. The same experiment with exactly the
same results was performed with a sodium hydroxide-sodium metal
m elt. No hydrogen was evolved until the total pressure was
reduced to below 185mm. These data are also shown in Figure
3. The effect of inert gas on the dissociation of sodium hy-
drIde is no' a reversible process. Once hydrogen has been
evolved, additions of inert gas do not cause readjus'Imenf of the
system pressure.

I would appezr from the foregoing "L-hat sodium hydride
must vaporize or sublime before it will dissociate. This
.act would also account, in part, for its remarkable stability
.., n in solu':ion. An experiment was designed to -Further sub-

s: in;Iate this :ssumption. A small flask was equipped with a
manometer, sodium hydride added and heat applied. At a temp-
eraure of 190 0 C the pressure rose perceptably, at the same
time a silver mirror was deposited well up on the walls of the
f lask. Subsequent analysis proved -'he film to be sodium metal.
Sodium metal heated similarly did not depozit this film at these
iemperatureso The flask was then equipped with a cold finger
cons-tructed in such a manner as to cover the exposed surfa e
oF the sodium hydride. As heat was applied, with the flask
u..der high vacuum, the particles of sodium hydride became ex-
ireme Ly agi' ted and crystals of the hydride were collected on
fe cold finger. There was litfle or no rise in pressure ac-
CO.- r0 nying h s col lection. Next, a pressure of 10mm of nitro-

w-an .as introduced. Both the agita-ion and the crystal growth
ced irs;c~ntiy. Further substantiation of this phenomena
as provided in later experiments with small amounts o- sodium
Y-cIr*dz in sodium hydroxide in which hydrogen should ho-ve been

sc o.h fro. ;-he dissociation of the sodium hydride and
.rom subscjzn ;-eaction of the sodium metal thus produced wi'h

C h,/d;oxic . "This 'as found no't o be the c se; the hydrogen
vJ..va cnt to the decunposition of sodium hydride being all

2 s ,as rccovered. Ihis indicated that the sodium metal mus't
t.,vu been ru-2oved "Frorn the reaction zone before it could react
ir. t'he hydroxide. Vaporization or sublimation of 'he sodium
',,.id prior io dissociation would h.1ve resulted in such a

rectant separal;ion.

6



Further e %,.d,!n:c of the avAilabilI1y of sodium hydride
a compon .. he sodium-sodium hydroxide system is af-

forded by the rc.cion of sodium monoxide w~th hydrogen. -h-s
reaction has been demonstrated in fused causiic by Gilbert (6 .
Thz author has substantLaied Gilbert's results in the dry state.
Figure 9 shows the reaction of hydrogen with sodium monoxide.
The points shown are nof equilibrium points, but show the
effeci of a constantly increasing temperature. The reaction
proceeds at temperatures as low as 175 0C and the resulting
hydride and hydroxide are i~able nt temperatures as high as
425oc. The react!on could pr ,7eed according to one or 4nore

of the following equations --

N.O -* a NCH + NaH (D)
N:: ;O + ,/2 H " NaCH + N, {E)
Na + 1/2 H, NaH

If it were to proceed by on!,/ equation (E), 1/2 mole of
hydrogen would be consumed per mole o f monoxide; and i f by o ny
cquai-on (D, one mole of hydrogen per mole of monoxide. In
the experimcnt p lotted in Figure 9, 2.76 grams of Na-O con-
sumrd 940 m, oF hydrogen. This is 94% of the theoreiic.l
cuantiiy required io satisfy equation (Di and 1831j.' of that re-
quired for equztlon (El. A combination of equations (E) and
F) is, in cffcz:' equation (D). However, under the static

conditions prevbAling in his apparatus, the author has been
unable to produce more than a -ew mil ligrams of sodium hydride
by the direc, reaction of sodium metal and hydrogen. (This
s. tement is not to be construed as meaning that equation F)
Is not valid, Given proper agitat ion to cxpose fresh surfaces
of sodium, met'al, copious quantities of sodium hydride may be
thus produced.1

In a search for clues to the behavior of the reactants
at higher ±er , ratures, several experir,ieni's were made uilizing
only one of .'he p:-imary reactants in combination with oe or
more of the reaction products. (e.g., sodiumrmei'l or hydroxIcle
with sodium h'ydride). The data from these experiments are shown
in Figures 10 and II. As may be seen sodium.mei'al with sodium
hydride follows the true dissociation curve for sodium hydrid e
.ntil a point is reached where the amount of sodium present will
dis:olve cll t'he remaining sodium hydride with a re:;ulino si a-
bili $ng effec't'o (Fi-Lgure 10). • (This ty!pe o:F dtfa wi l a " pr.-
sensed in a lat-er reporf on the so lubil"',/ of sodium hydride An
sodium meta-I° N, deviation From thc diszociafion pressure
data at .l9C;nm such as was noted in s :-um' sodium hydro-ide
runs, was found. However, if sodium metal, sodi'um hydride and
sodium oxide 2re heat.cd together, the type of curve obt, ined is
similar to th.a- obtained for sodium-sodium hyC'-ide. (see
Figure 10) Again, there is no break -i 190;.-;ere large amou-

7



o;- so-dium hydi. are involved. The. leveling of4f of the
Pressure and rcabsorption of hydrogen is qui-ic apparcn-.,
however.

If sodium hydroxide and small amounts of sodium hydride
are heated together the data conforms to the dissociation.
pressure of sodium hydride for a short time and -1hen breaks
away, levels off and then climnbs slowly until all hydride
hydrogen is recovered. (Figurc II) (Note -- no further hydro-
gen -was developed isLadicating thdt the sodium metal had been
removed from the reaction zone.) Large dmounIT3 of hv.~ride
show continued evolution of hydrogen. There is a tendency to
level off near 175mm, but this is overcome with increasing
lcmperaturc. A run made wits sodium monoxide added, however,
Aehibits a sharp break a,- 195mm and 425 0 C, leveling off corn-
pleitel' a-4 this poir.t. Further henting causes a z light ebaorp-
tion and cventual re-evolution of hyidrogen at 525 0 C. Sodi;.um
monoxide is thus sihown to be the key to tha reabsorpti-on of
hydroGen in -,he .4250 to 50011C range. It is also indicated
that. both sodium mnon-oxide and sodium hyd.'oxide must be presenr
to cause the cessa~iion of H- evolut'1on0 aic ca 190,mm pressure.
7t is probable 'hat they also must bc present in some de-§*nite
proportion. It should be notecd thatl A-le pressure at which
runs firs-6 level off ( lOmm,~mn 14Omm) iLs lino s ex actly
1/2 of the tote I pressure available if secondary reaction with
sodium meta 1 is cel~minated. It is quite doubtful if this sec-
ondary recj'ion was elimInatsed in runs cont~aining any con-
sidereble amount of sodi-um hydride. The second of the plateaus
in the run involving .856 gram of Na3H -is ascribed to the re-
action of sodium with sodium hydroxide in an omount sufficient
to produce enough sodium monoxide for the indicated reabsorp-
tion of hydrogen. The significance of the p lateaus at 1/2

* of the availabbe pressure is not'apparent. Similar dzata were
* obtained in nearly all sodium-sodium hydroxide runs in which

the hydrogen was pumped away after the first equilibrium and
new equilibrium pressures obtained which otnwere almnost

* exacily 1/2 of -the preceding pressure. The best explanation
is one of an equilibrium pressure depending upon concentration
of solute, diJlute solutions having lower equilibrium pressures

wii ~ ubs:qunt endency toward he 1/2 way point. This
same condition could also deferrninc the point of devIcation f r,
sodium hydride dissociation pressure data ;3 well as the p,:zk
press-ures obtained for co,-; .Jralons up to that requirezd to
giv2: 190mm.

A:,.othe.r run involving reacion proCductas w',.s ma.dc in V:.1~ch
5Od_'L;1 monoxide was heated tio 550 0 C, (tfjc poirni of minimnum
pressure on fhe sodium-sodium hydrox~ide curve) increm-,n's Of
hydro:.:n added, and cquilibriurn points observed. Evca at this
teimcr4-tur : thc rcac-fion proceedcd _,co.-d_'r .- o tLhe cqu, tio-

8



Na.O + H3- N:H + NaH

he dz 1 plot ted in Fligurc 12 gkive weihl tfo t ho;
soo n r src :niLng "d-ad stops s iruc zqu1lIbrium poirkl.

The time element occasionally prevented complete absorption
of a particular addition of hydz'ogea before a dc ys run was
tcrminated. As is shown in ihe greph the monoxidz exhibits
a lineariv increasing equilibrium pressure until a pressure of
ca 175mm is rzached. The continued zddition of hydrogen beyond
this point results in a pliteau ,nd finally a decreasing.
equilibrium pressure as the rafio of sodium hydroxide and/or
sodium hydride to sodium monoxide increases rapidly. -C he
final point was obtained by pumping away excess hydrogen until
sodium hydride in the melt began to decompose. All excess
h~drogen pressur, wa: then removed ( 130mm) and the melt allowed
to again equilib.',,e. A tetal of 170mm of hydrogen pressure
was removed in -'his manner at 550 0C. At this point no fur-her
evolution of hydrogen w.s observed. The heat was turned back
and the cooling curve observed. Only 5mm additional hydrogen
was given off in cooling 20hrough 9S0C. Upon rehea-,ing through
4500C another 7mm was evolved. After cooling to room tempera-
ture, the residue Yas hydrolyzed in a closed :s'stem and hydro-
gen equive lent to the remaindcr of the sodium hydrLde was col-
lected. The qucnt ity of sodium hydride remaining before hydro-
lysis was equivalent to ca 20. by weight., of 'he residue. It
appears likely that this is the value for the solub16i'y o.
sodium hydride in sodium hydroxide of 550 0 C, and that once in
solution at that femperature it is qui-.e stable -- even under
high vacuum.

A sodium oxide-hydrogen reaction carried out at 3600C
does not exhibit the phenomena discussed above. At this temp-
erafure, the reaction proceeds i such a manner as to repeat-
edly come to equilibrium ai ca 100ram pressure of hydrogen.
This pressure is nearly cxactly what would be prediclted from
sodium hydride dissociation pressure data. Evidently the
hydride formed is not in solution at this temperature. It is
probable that the "melt" contains no liquid phases., but is a
mixture of 2 or more intermixed solidz in conifact with the
gas Phase.

From Figure 12 i- would appear that the equilibrium prei-
su:¢ o" hy/drogen over a mixture o^ zodium monoxide-sodiuon
hydroxide-soc..um hydride and perhaps some sodium, metal is de-
pendeni [argzly upon the zmount of sodium monoxidz present or
upon fhQ rz._o oF sodium hydroxide to sodium monoxidce Te,
rdrlo of soCdum hydroxide to sodium hydride is azsum6d to be
mole for moia (or 37.2 weight percent) sodium hyd;ide in zod;-
hydroxide :"or the complete run whereas the qunnti,/ of sod-L
monoxide is being constantly depleted. The poin4- o 17o .
where fthc curve break3, flaftens and eventually curvCF dowl-
ward appears 1o be the result of the disppeorance of ,i .;oi -
phases in the sysiem -- i.e., complete solution of all reactants

9



in sodium hydio;:.dz. Figure 13 -Jives furt4her evidence th-"
tn i s 3.h e c .-s: ghe dati plo',fed in f:~ji -figure is c deler-

iJino he solubility of sodium monoxide in sodiunr hy'-
droxi1de or, r-), properly, a defermi~iat~on of the fusion temp-
erature of vsr--Ious ra-lios of the two. I -a wajs dez 'irniined i.-
air in a nicl-el crucible bv adding weighed portions of sodium~
rmonoxide- to fused hydroxtidz until saturation becamzncpparcn-i
by jhe appeirance of soi oxide on the surface of the meit. It
may be noted that the solubility vflue at 550 0 C is 43,c.. Cal-
culation of the ralio of' sodium monoxide and zodium hydroxidz
at the 175rim break point in figure 12 reveals that, the sodium
monoxide amounts to 45 vighi percant of tha elfz wiih respect
to sodiumn hydroxide. At this point, therefore, the melt beca-me
fluid. The previously dcfermined stability of sodium drz
in solution cid ca.-inuiong reduction in Ele quantity of od~
monoxide havi.-! the effect of making tkha aolution of Codium 'hy-
dride in sodiom hydroxide less conczntrate,;d even though ihe.-
ratios ramain i~.c sic-e vou Id readily acouz-. for 1-he doawao-'
trend of the cqui lib-rium pressure of t1he ead of the curvc. T -c
inability -io -ccover all hydride hydran-n by evacuatioa is C.z-
plained by t:e ncreased -e lfina3 poink of '&he con-c.entrete*;ci .1
(6) resulting in the hydride bci,. cormplelely solublec a-,' r me
tc-peraturec of fusion. 17 is considered to be nore than coi-
cidenta I th ai h break s ir the solIubi Ii fy cur vz sho%7. in-0u~
13 occur at3800 C and at 4-25 0C. These somne tcmparafurc- 7epre-
sent the points of deviojlon from zodium hydride dissociation
pressure dzfa cnd the point of maximum pressure respectively) in
any sodium-sodium hydroxide reaction cur~e,. iarea betwzza
Ithc two temperatures, therefore, must rcp&esc;n:L rapid~y chang-
ing condi' ion of the ine I t, with a fina I d1Lszppzzjrancc of zlI
solid phase-s ai 425 0 C.

MisceHlncous data hes, of course, bcan gathered during t4he
course of fa...; investigalsio.

.Timc-pressurc relationshipz for so-me of the reactions re-
ported is 'peK'.aos noteworthy. Representa-live daafor typicW-l
runs are presented in Figure 14.

A study involving attempts to duplicate' the sodium-sodium-.
hydroxide dat) a with pot assjum. metal n ihsdu-o sz
alo Iys is of Co.nPora tfive value. SoIjur. reta I n nalyo
sodium &nd pot assiurm containing sufficient sodiumi -.o com;.lcte .'a
reactioa will rcacf with either sodiuml or potassium h~r~d

to Civze eqvilib.-ia ect-ly as has been p-rceafned in ihsppr
1-ovever, potass- ium matal wfth eiflher sodium or pof4:usiu.nhy.,$~
will -o prci2uee suh eqiibria. As i3 zshotjn inj 'i:. 1t'

raterics'Z wLl1 rc,2--z to ogive sonne hvdroC~z. 6t pra e b.c-
iveee 450-600 0 C. The yield of hydrogen is. lo%7 and e'n -;;t1- COn1-
tinued rz-moval of the hydrogza evolved, complatc co.nv-errionj tjo
rGoA83ziU..1n -oaoxide w ,s never accomplished. So,,y1in ti s Lila I o

thisre~tonor rather lack of rcaction pay b,- a! 4c o te
diffiCulIt-/ rcportcd by HolIt (9) inl his a to TeMzthod
for hydrog.ea del'rinailon in sodium io -. sii lolys.

l0
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A somewhat more complete discussioi of the high temperature
reaction between sodium hydroxide and the stailess sreel apo,'
r ight be of value. The reaction occurred afr temperatures in
excess of 600 0 C cnd was accompanied by the evolution oF both
hydrogen and water vapor, the latter being condensed in a cold
trap attached to the system. This is in agreement with results
reported by LeBlanc and Bergman (10). ,.3fallic sodiu was alo
found condensed upon the colder pori-"ons of 'he etal sytem"
W:hen it wns cut open for residue recovery. Tc anlyis of
this residue is shown ii Table 1.

TABLE I

Na PO 27.6 weigh-k p.rcent
NacOz !.2
Fe1 Oo  57.0
CrIO. 6.3
NiO (?) 7.1

The oxides of chromium and iron were idc-'ifizd by '::2ir
appecrance znd by physical cnd chemical beaavior d&:in,3 Ojzys'zCS.
The state o- 7 hc rickel could not be : %-.'e-*$-,. .._.. d. vi'; certin ty.

The presence of metallic sodium, wyd~o .,a'er, scdiu=
,onoxide a.-. the mnzil oxides in the rcc: 'n produ1 7 :."

cafe t" .h reaction must have proceedcd ia somcwhaa" o, "6'h'
fol Iowing manner.

5No1H + 2(metal) - NaaO. (met'al)O 3 + 3NM + 1 1/2 Ha + HaO (G;

llth exi:-Zn,: of the wai.er vapor ras of a transi-ory natu're. It
was appai ;tiy driven from the rcact'ioQ zonz by -;5C high irc..p-
eraturc, and irtediatcly condensed i2 'he cold trcp. ' hc n z
system was al!ozad to equilibrate wi-boof the cold f rpt
wafer was removed by reaction with the rc'al ;ic -odium.

hc eou ble salt Ind'icated i z a posula".'Ion nnd was '6ot
ei"cd: as cuch in the rcsidue. Such sz,""s hcvc beh .-

vLou5lY repo:tecl (10). however, cnd zodiuin icrrifte and chromi';ec
of the forM NaIMe,0 4 cre rclativel' vcll known.

The rcsidu: from "hc run involving sodium :-ydro-idz -j
.:Ie . cl o coanaincd only c t0 e, o' ic' o

CaMing from .urface oxide. oa the =par:.

Sul MMAR Y

From thi data presenfed, i, sccms clear -- sodium reta.
will react wit. sodium hydroxide at 'c .p'raa cvcr Z303C

II
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While the mechanism of corrosion is beyond the scopt of
this report, there is a definite effect indica'-cd which should
bear upon fu-ure investigation and argues for a more careful
evaluation in using past data.
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